Whole-rock rubidium-strontium age of the Silurian-Devonian boundary in northeastern North America by Bottino, M. L. & Fullagar, P. D.
* 
f 
1 
WHOLE-ROCK RUBIDIUM-STRONTIUM AGE OF THE SILURIAN-DEVONIAN 
. 
Michael L. B o t t i n o  
Old Dominion Co l l ege  
Nor fo lk ,  V i r g i n i a  
and 
Goddard Space F l i g h t  C e n t e r  
Greenbe l t  , Mary1 and 
and 
Pau l  D .  F u l l a g a r  
Old Dominion Co l l ege  
Nor fo lk ,  V i r g i n i a  
and 
Goddard Space F l i g h t  Cen te r  
G r e e n b e l t ,  Maryland 
. 
. 
GPO PRICE $ 
CFSTI PRICE(S) $ 
Hard copy (HC) 
Microfiche (M F) y k f  
ff 663 July 65 
https://ntrs.nasa.gov/search.jsp?R=19670008915 2020-03-24T02:20:38+00:00Z
t 
, 
Capt ions  f o r  F i g u r e s  and Tab les  - -
T n e s e  a re  g iven  i n  ' the  o r d e r  t h a t  they appea r  i n  t h e  m a n u s c r i p t -  
F i g u r e  1. Geogrzphie  d i s t r i b u t i o n  of l o c a l i t i e s  showing g e o l o g i c  and 
-1 
Rb-Sr whole rock  a g e s  (M.Y. ) .  h 8 7  = 1 . 3 9  x y e a r  . Rb 
Tab le  1. Analyses  o f  E i m e r  and Amend S r m 3 .  Lot #492327. 
Table  2 .  E a s t p o r t  Formation a n a l y t i c a l  d a t a .  
F i g u r e  2 .  I soch ron  f o r  S k a l a  i n t e r v a l  v o l c a n i c s  from E a s t p o r t ,  Maine.  
(Vo lcan ic s  f o r m e r l y  cons ide red  t o  be  Upper S i l u r i a n ,  Ludlow a g e . )  
Table  3. Hedgehog Formation a n a l y t i c a l  d a t a .  
F igu re  3 .  I sochron  f o r  Lower Devonian (New S c o t l a n d  a g e )  v o l c a n i c s  from 
Presque  I s l e ,  Maine. 
P l o t  of d a t a  which y i e l d e d  413 f 5 M.Y. age f o r  t h e  S i l u r i a n -  
Devonian boundary.  Hedgehog Formation sample numbers are on 
F i g u r e  4. 
l e f t  s i d e  of l i n e s ,  and t h e  E a s t p o r t  Formation sample numbers 
on r i g h t .  
Captions f o r  F i g u r e s  
F i g u r e  1. Geogra2hic d i s t r i b u t i o n  of l o c a l i t i e s  showing g e o l o g i c  and 
-1 1 -1 Rb-Sr wfLoPe rock a g e s  ( M . Y . ) .  XRb87 = 1.39 x 10 y e a r  . 
F i g u r e  2 .  I s o c h r o n  f o r  S k a l a  i n t e r v a l  v o l c a n i c s  from E a s t p o r t ,  Maine, 
( V u l c a n i c s  f o r m e r l y  cons ide red  t o  be Upper S i l u r i a n ,  Ludlow 
age. ) 
F i g u r e  3 .  Psc>chron € o r  Lower Devonian (New S c o t l a n d  a g e )  v o l c a n i c s  from 
Presque  I s l e ,  Maine. 
F i g u r e  4. P l o t  oE d a t a  which y i e l d e d  413 .f. 5 M.Y. age f o r  t h e  S i l u r i a n -  
Devonian boundary. Hedgehog Formation sample numbers are on 
l e f t  s i d e  of l i n e s ,  and the E a s t p o r t  Formation sample numbers 
on rig’*lt. 
. 
Nine whole rock  samples  of t h e  S k a l a  (post-Ludlow,  pre-Gedinnian)  
age  v o l c a n i c s  from t h e  E a s t p o r t  Format ion ,  E a s t p o r t ,  Maine,  and n i n e  whole 
rock  samples  of Lower Devonian (New Scot land  a g e )  v o l c a n i c s  f rom t h e  
Hedgehog Format ion ,  Presque  Isle, Maine, have been ana lyzed  f o r  t h e i r  
rub id ium,  s t r o n t i u m  and s t r o n t i u m  i s o t o p i c  composi t ion .  The a n a l y s e s  o f  
t h e  E a s t p o r t  v o l c a n i c s  produced an i sochron  age  of 412 +- 5 M.Y. 
(hRb87 = 1.39 x 10 
The Hedgehog Formation v o l c a n i c s  y i e l d e d  an i sochron  age of 413 ? 10 M.Y. 
w i t h  an  i n i t i a l  r a t i o  o f  U.706 f 0.002. Combining t h e  r e s u l t s  g i v e s  an  
age of  413 f 5 M.Y. € o r  t h e  S i lu r i an -Devon ian  boundary;  t h i s  age i s  based 
on t h e  ave rage  o f  t h e  age  v a l u e s  of t h e  i n d i v i d u a l  samples ,  and t h e  
-1 1 -1 y e a r  ) w i t h  an i n i t i a l  r a t i o  of 0 . 7 0 7  +- 0.001. 
p r e c i s i o n  a s s i g n e d  i s  two s t a n d a r d  d e v i a t i o n s  of  t h e  mean of t h e  i n d i v i d u a l  
a g e s .  T h i s  age  i s  a p r e c i s e  measurement o f  t h e  S i lu r i an -Devon ian  boundary 
i n  n o r t h e a s t e r n  Nor th  America and i s  i n  r e a s o n a b l e  agreement  w i t h  r e c e n t  
t i m e  scale estimates c o n s i d e r i n g  t h e  u n c e r t a i n t y  of  t h e  12b87 dec.ay c o n s t a n t .  
. 
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INTRODUCTION 
Whole rock  Rb-Sr age  d e t e r m i n a t i o n s  were made on v o l c a n i c s  from t h e  
E a s t p o r t  Format ions  E a s t p o r t ,  Maine ,  and t h e  Hedgehog Format ion ,  P r e s q u e  
I s l e ,  Maine ( F i g .  1). I n  g e n e r a l ,  whole r o c k s  are less s u s c e p t i b l e  t h a n  
m i n e r a l s  t o  t h e  l o s s  of  r a d i o g e n i c  s t r o n t i u m  and t h u s  a r e p r e s e n t a t i v e  
whole rock  sample w i l l  y i e l d  t h e  age of c r y s t a l l i z a t i o n  o r  s o l i d i f i c a t i o n  
of an igneous  rock .  The v o l c a n i c  rocks  ana lyzed  i n  t h i s  s t u d y  are conformably 
i n t e r b e d d e d  w i t h  f o s s i l i f e r o u s  sed iments  which a l l o w s  a p r e c i s e  d e t e r -  
mina t ion  of t h e i r  g e o l o g i c a l  age. The r o c k s  s t u d i e d  s h a r p l y  l i m i t  t h e  
S i lu r i an -Devon ian  boundary ( B a s t i n  and W i l l i a m s ,  1914;  Boucot ,  e t .  a l . ,  
1964 ,  p. 4 5 ;  Naylor  and Boucot ,  1965,  p .  1 6 5 ;  Be r ry  and Boucot ,  i n  p r e s s ) ;  
- -  
t h e  Rb-Sr a n a l y s e s  o f  t h e s e  r o c k s  produced i s o c h r o n s  which y i e l d  a r a d i o -  
metric age f o r  t h i s  boundary. 
ANALYTI CAL PROCEDURES 
The l a b o r a t o r y  p rocedures  fol lowed i n  t h i s  i n v e s t i g a t i o n  were e s s e n t i a l l y  
t h e  same as t h o s e  d e s c r i b e d  by Herzog and  P i n s o n  (19561,  Herzog ,  e t .  a l .  
( 1 9 5 8 ) ,  and Faure  and Hur l ey  (1963) .  The on ly  change i n  p rocedure  was 
- -  
t h e  e l i m i n a t i o n  of py rex  g l a s s  from t h e  chemical  s e p a r a t i o n  t e c h n i q u e s  
and t h e  use  of  vycor  g l a s s ,  t e f l o n  and p o l y e t h y l e n e .  The rub id ium,  
s t r o n t i u m  and s t r o n t i u m  i s o t o p i c  a n a l y s e s  were made w i t h  a s o l i d  s o u r c e ,  
12  i n c h  r a d i u s  of c u r v a t u r e ,  60 s e c t o r ,  s i n g l e - f o c u s i n g  mass s p e c t r o m e t e r .  
0 
The whole rock  samples  were prepared  by powdering a b lock  of rock  
s u f f i c i e n t l y  l a r g e  t o  y i e l d  20-50 grams. The powders were d i s s o l v e d  
w i t h  a mix tu re  of r e a g e n t  g r a d e  h y d r o f l u o r i c  and doub ly  vycor  d i s t i l l e d  
s u l f u r i c  a c i d s .  S e p a r a t i o n  and p u r i f i c a t i o n  of t h e  R b  and S r  w a s  
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. 0 u3 
d- 
0 
d- 
d- 
0 
cv 
d- 
accomplished by c a t i o n  exchange us ing  Dowex 5OW-XB r e s i n  w i t h  vycor  d i s t i l l e d  
2N H C i  as t h e  e l u a n t .  Rubidium and s t r o n t i u m  c o n c e n t r a t i o n s  were d e t e r -  
mined b y  i s o t o p i c  d i l u t i o n  a n a l y s e s .  S e p a r a t e ,  unspiked samples were 
ana lyzed  t o  measure t h e  s t r o n t i u m  i s o t o p i c  compos i t ion .  
The Rbg7 s p i k e  which w a s  used f o r  t h e  Rb a n a l y s e s  w a s  c a l i b r a t e d  
e i g h t  times d u r i n g  t h i s  work. Both t h e  Goddard Space F l i g h t  Cen te r  
Rb s h e l f  s o l u t i o n  and t h e  M.I.T. Rb s h e l f  s o l u t i o n ,  which w a s  d i s t r i b u t e d  
t o  assist  i n  i n t e r - l a b o r a t o r y  comparison of  a n a l y s e s ,  were used t o  
c a l i b r a t e  t h e  Rb s p i k e .  The Rb shelf s o l u t i o n s  were p repa red  from 
Johnson-Mathey spec-pure  RbC1. Analyses  w i t h  b o t h  s h e l f  s o l u t i o n s  
y i e l d e d  t h e  same r e s u l t s  € o r  t h e  c o n c e n t r a t i o n  of  t h e  Rb s p i k e .  The 
s t a n d a r d  d e v i a t i o n  o f  t h e  mean f o r  t h e  Rbg7 s p i k e  c a l i b r a t i o n s  w a s  f 0.86%. 
The SrB6 s p i k e  w a s  c a l i b r a t e d  s i x  times d u r i n g  t h i s  work u s i n g  b o t h  t h e  
G.S.F.C. and t h e  M.I.T. Sr s h e l f  s o l u t i o n s .  The S r  s h e l f  s o l u t i o n s  w e r e  
p repa red  from Johnson-Mathey spec-pure Sr(N0 ) Analyses  u s i n g  b o t h  
s h e l f  s o l u t i o n s  produced t h e  same r e s u l t s  f o r  t h e  c o n c e n t r a t i o n  of t h e  
$r86 s p i k e .  
c a l i b r a t i o n s  w a s  f 0.29%. 
87 
3 2 '  
X71e s t a n d a r d  d e v i a t i o n  o f  t h e  mean f o r  t h e  SrB6 s p i k e  
Blanks were de termined  f o r  b o t h  S r  and Rb. Four S r  b l ank  d e t e r m i n a t i o n s  
averaged  0.1 ygSr.  T h i s  q u a n t i t y  was s u b t r a c t e d  from a l l  S r  i s o t o p e  
d i l d t i o n  a n a l y s e s .  The Rb b l s n k  was measlired t w i c e  and averaged  0.01 yg R b .  
This qs?an t i ty  w a s  n o t  s u b t r a c t e d  from t h e  r e s u l t s  o f  t h e  i s o t o p e  d i l u t i o n  
a n a l y s e s  as it  i s  i n s i g n i f i c a n t  compared t o  t h e  amounts of Rb i n  t h e  
ana lyzed  samples .  
- 2 -  
8 7  
Tke 2,verage S r  /Sr86 r a t i o  of t h e  M.I.T. s t a n d a r d  s t r o n t i u m  c a r b o n a t e ,  
EiQer and Amend l o t  #492327, was 0.7076 when normal lzed  t o  Sr86/Sr88 = 0.1194 
( s2e  Fae;re a d  H c r l e y ,  1 9 6 3 ,  f o r  a d i s c u s s i o n  of  n o r m a l i z a t i o n  p r o c e d u r e s ) .  
T h i s  normal ized  Sr87/Sr86 v a l u e  o f  0.7'076 i s  i n  good agreement  w i t h  r e s u l t s  
o b t a i n e d  i n  o t h e r  l a b o r a t o r i e s .  The s t a n d a r d  d e v i a t i o n  o f  a s i n g l e  
i s n t o p i c  r a t i o  a n a l y s i s  of t h e  s t a n d a r d  s t r o n t i u m  c a r b o n a t e  i s  f 0.0012,  
o r  f 0 . 1 7  p e r  c e n t  of t h e  average (Sr /Sr I N  r a t i o ,  where (Sr /Sr 
i s  t h e  normal ized  Sr87/Sr86 r a t i o .  
87 86 8 7  86 
)N 
The i n d i v i d u a l  a n a l y s e s  are g i v e n  i n  
T a b l e  1. The p r e c i s i o n  of t h e  Rb and S r  i s o t o p e  d i l u t i o n  a n a l y s e s  w a s  
e s t i m a t e d  from d u p l i c a t e  d e t e r m i n a t i o n s  by c a l c u l a t i n g  t h e  s t a n d a r d  d e v i a t i o n  
of t h e  p e r  c e n t  d i f f e r e n c e  between d u p l i c a t e  R b  a n a l y s e s  and d u p l i c a t e  S r  
a n a l y s e s .  The s t a n d a r d  d e v i a t i o n  n f  a s i n g l e  a n a l y s i s  f o r  R b  i s  f 1.22% 
and f o r  Sr i s  f 1.32%. 
Based on t h e s e  r e s u l t s ,  t h e  error f o r  i n d i v i d u a l  i s o c h r o n  p o i n t s  was 
-8 7 8 7  86 )N. These  estimates p l o t t e d  as & 5% f o r  Rb 
of e r r o r  are cons ide red  t o  be c o n s e r v a t i v e .  
/Sr86 and f 0.25% f o r  ( S r  /Sr 
TABLE 1 
Date -
14 A p r i l ,  1964 
13 J u n e ,  1964 
1 2  J u n e ,  1964 
1 5  J u n e ,  1964 
18 J a n e ,  1964 
2 September ,  1964 
27 September ,  1964 
20 March,  1965 
2 ' J u n e ,  1965 
4 .June,  1965 
7 June 1955 
1 2  J u l y ,  1965 
14 J u l y ,  1965 
Averages: 
ANALYSES OF EIMER AND AMEND 
S r m 3 .  LOT 8492327 
Sr86/Sr88 s r 8 7 / ~  r86  ( sr8 7 / ~ r 8 6  ) 
0.1195 
0.1184 
0.1179 
0.1201 
0.1206 
0.1191 
0.1203 
0.1202 
0.1195 
0.1196 
0.1205 
0.1199 
0.1192 
0.7063 
0.7128 
0.7136 
0.7040 
0.7055 
0.7086 
0.7045 
0.7051 
0.7075 
0.7051 
, 0.7037 
0.7051 
0.7085 
0.7066 
0.7098 
0.7091 
0.7061 
0.7090 
0.7078 
0.7072 
0.7076 
0 . 7 0 7 8  
0.7058 
0.7070 
0 7066 
0.7079 
0.1196 0.7069 0.7076 
- 
0 = f 0.0003 CJ = f 0.0012 
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a g e s  were de termined  by t h e  e q u a t i o n  
8 7  86 8 7  86 . 8 7  (S r  /Sr ) p r e s e n t  = (S r  /Sr ) i n i t i a l  + ( R b  /S r86) (eh t - l )  
-1 1 -1 
w h e r e  1 87 '= 1.39 x 10 y e a r  . Rb 
EASTPORT FBRMATION 
The r o c k s  of t h e  E a s t p o r t  Formation are l o c a t e d  n e a r  E a s t p o r t ,  Maine 
( F i g .  1). The d e t a i l e d  geology of t h e  area i s  d e s c r i b e d  by B a s t i n  and 
W i l l i a m s  (1914) .  T h i s  f o r m a t i o n  i s  composed of r h y o l i t e s ,  t u f f s ,  l i m e s t o n e  
and s h a l e .  The v o l c a n i c s  are more abundant t h a n  t h e  sed imen ta ry  r o c k s  
and t h e  t o t a l  t h i c k n e s s  oE t h e  fo rma t ion  i s  approx ima te ly  8000 f e e t .  
The g e o l o g i c  age  o f  t h i s  fo rma t ion  i s  based on f o s s i l s  found i n  t h e  
sed imen ta ry  r o c k s ;  B a s t i n  and Williams (1914) d a t e  t h e  E a s t p o r t  Formation 
as Upper S i l u r i a n .  Boucot ,  e t .  a l .  (1964)  and Naylor  and Boucot (1965) 
d a t e  the EJrmation as of  Ludlow (Upper S i l u r i a n )  age  bu t  a l s o  mention t h e  
p o s s i b i l i t y  t h a t  t h e  E a s t p o r t  Formation i s  e a r l i e s t  Devonian. More r e c e n t  
i n v e s t i g a t i o n s  (Berry  and Boucot , i n  p r e s s )  i n d i c a t e  tha t  t h e  E a s t p o r t  
Formation i s  younger t h a n  Ludlow a g e  b u t  o l d e r  t h a n  ear l ies t  Devonian 
(Ged inn ian ) :  it i s  a s s i g n e d  t o  t h e  Skala  i n t e r v a l  which neve r  h a s  been 
f o r m a l l y  a s s i g n e d  t o  e i t h e r  the S i l u r i a n  o r  Devonian. Thus,  t h i s  formation 
i s  a t  o r  c l o s e  t o  t h e  S i l u r  ian-Devonian boundary. 
- -  
Nine whole rock  samples  of v o l c a n i c s  from t h e  E a s t p o r t  Formation w e r e  
a n a l y z e d .  These samples  were c o l l e c t e d  w i t h i n  several miles of  E a s t p o r t ,  
Maine;  p r e c i s e  sample l o c a l i t i e s  are g iven  i n  t h e  Appendix.  The a n a l y t i c a l  
8 7  r e s d l t s  are g iven  i n  Table  2 .  The Rb /Sr86 r a t i o s  range  from 0 . 5 4  t o  
- 4 -  
87 86 v a l u e s  range from 0.7111 t o  1.2819. The lOO.3, and t h e  (Sr /Sr 
86 r a t i o s  v e r s u s  R b  /Sr86 r a t i o s  i s o c p r o n  o b t a i n e d  from p l o t t i n g  (Sr8’/Sr 
and drawing  t h e  l i n e  of best f i t  t h rough  t h e  p o i n t s  i s  shown i n  F igu re  2 ;  
this i s o c h r o n  y i e l d s  an age  of 412 f 5 M.Y. and an  i n i t i a l  (S r  /Sr 
r a . t i o  o f  0.707 fQ.OO1. 
)N 
8 7  
)N 
8 7  86 
)N 
The estimated e r r o r  and a c o n f i r m a t i o n  of  t h e  age  
w a s  o b t a i n e d  by c a l c u l a t i n g  t h e  ages o f  t h e  i n d i v i d u a l  samples  u s i n g  t h e  
i n i t i a l  r a t i o  de t e rmined  by t h e  i sochron  and t h e n  d e t e r m i n i n g  t h e  s t a n d a r d  
d e v i a t i o n  of  t h e  mean of t h e  a g e s  of a l l  samples  e x c e p t  2A; t h i s  sample w a s  
exc luded  from t h e  c a l c u l a t i o n s  because of  i t s  low r a d i o g e n i c  Sr87  c o n t e n t .  
The age  de te rmined  by t h i s  method w a s  a l s o  412 M.Y. and t h e  c a l c u l a t e d  
s t a n d a r d  d e v i a t i o n  of t h e  mean equaled  f 2.7 M . Y . ,  t h u s  an e r r o r  of  f 5 M.Y.  
r e p r e s e n t s  a lmost  two s t a n d a r d  d e v i a t i o n s  of t h e  mean. 
TABLE 2 
EASTPORT FORMATION ANALYTICAL DATA 
SamDle 86 88 Rb ( ppm ) S r ( p pm ) Rb87/Sr86 S r  /Sr (Sr87/Sr86 )N 
ODC - 1 
ODC - 2A 
ODC - 2B 
ODC - 2C 
QDC - 3A 
ODC - 3 B  
CDC - 5 
OD6 - 6A 
ODC - JA 
150 99.3 4.38 0.1197 0.7324 
63.5 340 0.54 0.1198 0 . 7 1 1 1  
130 
128 
137 
124 
123 
136 
140 
4 -08 100.3 0.1194 1.2819 
3.91 
9.80 37 .o 0.1199 0.9113 
9 .93  
8.70 46.8 0.1195 0.9743 
8.80 
168 10.95 45.5 0 .1199 0.9724 
257 81.5 9.17 0.1199 0.7603 
46 9 323 1.45 0.1201 0.7310 
99.4 18.1 16  .O 0.1204 0 8006 
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The Hedgehog Formation v o l c a n i c s  were c o l l e c t e d  n e a r  P resque  I s l e ,  
Maine ( F i g .  1 ) .  T h i s  fo rma t ion  i s  t h e  lower p a r t  of t h e  Dockendorff Group 
which i s  Lower Devonian (New Sco t l and)  i n  age .  Boucot ,  e t .  a l . ,  1964,  
p .  40-41 ,  s t a t e  t h a t  t h e  Hedgehog Formation c o n s i s t s  of many small l e n s e s  
composed e s s e n t i a l l y  of a n d e s i t e ,  t r a c h y t e ,  t u f f ,  and r h y o l i t e  w i t h  minor 
u n i t s  of i n t e r c a l a t e d  sed imentary  r o c k s ;  t h i s  fo rma t ion  h a s  a n  ave rage  t h i c k -  
n e s s  of 4000 fee t .  The New S c o t l a n d  age  o f  t h i s  fo rma t ion  i s  based on 
b rach iopods  and c o r a l s  from t u f f a c e o u s  material and a c a l c a r e o u s  a s h  bed 
(Boucot ,  e t .  a l . ,  1964 ,  p. 45) .  
- -
- -
A l l  b u t  two of t h e  samples  c o l l e c t e d  f o r  t h i s  s t u d y  came from t h e  n o r t h  
h a l f  of Green Mountain from o u t c r o p s  a t  t h e  b a s e  of r a d i o  beacon number 3 .  
The two a n d e s i t e  samples  ana lyzed  were c o l l e c t e d  from t h e  same mountain b u t  
f rom o u t c r o p s  a t  t h e  base  o f  t h e  s i t e  of r a d i o  beacon number 2. The e x a c t  
p o s i t i o n  of t h e s e  r a d i o  beacons  i s  shown on t h e  g e o l o g i c  map inc luded  i n  t h e  
paper  on t h i s  area by Boucot ,  e t .  a l . ,  1964.  P r e c i s e  sample l o c a l i t i e s  are 
g i v e n  i n  t h e  Appendix. 
- -  
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Nine whole rock  samples  were ana lyzed .  The R b  /Sr86 v a l u e s  r ange  from 
0.45 t o  80.9 and t h e  ( S r  87 /Sr 86)N values r a n g e  from 0.7069 t o  1.1720. The 
a n a l y t i c a l  resul ts  are g i v e n  i n  Table  3 .  The i sochron  f o r  t h e  Hedgehog 
Formation i s  shown i n  F i g u r e  3 ;  t h i s  i s o c h r o n  w a s  o b t a i n e d  by drawing t h e  
l i n e  of  b e s t  €it t h r o u g h  t h e  p o i n t s  and g i v e s  an  age  of  413 f 10 M.Y. w i t h  
an i n i t i a l  r a t i o  of  0.706 f 0.002. 
Forma t ion ,  t h e  e s t i m a t e d  e r r o r  and a c o n f i r m a t i o n  of t h e  age  of t h e  Hedgehog 
Formation w a s  o b t a i n e d  by c a l c u l a t i n g  t h e  i n d i v i d u a l  sample a g e s  u s i n g  
t h e  i n i t i a l  r a t i o  de t e rmined  by t h e  i sochron  and t h e n  d e t e r m i n i n g  t h e  
As w a s  done f o r  t h e  age  of  t h e  E a s t p o r t  
- 6 -  
s t a n d a r d  d e v i a t i o n  o f  t h e  mean of t h e  a g e s  of t h e  samples ;  two samples ,  
O D 6  - 9 and ODC - 10 were exc luded  from t h e s e  c a l c u l a t i o n s  because  o f  low 
r s d i o g e n i c  SrB7 c o n t e n t .  
age  o b t a i n e d  d i r e c t l y  f rom t h e  i sochron .  The s t a n d a r d  d e v i a t i o n  of t h e  mean 
equaled  f 4.6 M.Y.; thus, f 10 M.Y. r e p r e s e n t s  s l i g h t l y  more than  two 
s t a n d a r d  d e v i a t i o n s  of t h e  mean. 
The c a l c u l a t e d  age  w a s  i d e n t i c a l  t o  t h e  413 M.Y. 
Sample 
ODC - 9 
ODC - 10 
ODC - 1 2  
ODC - 1 4 A  
ODC - 1 4 B  
ODC - 1 5  
ODC - 16 
ODC - 17A 
ODC - 17B 
TABLE 3 
HEDGEHOG FORMATION ANALYTICAL DATA 
Rb( ppm) 
56.1 
57.7 
131 
145 
154 
149 
137 
123  
1 1 7  
DISCUSSION AND CONCLUSIONS -
S r  ( ppm 1 
36 2 
323 
5.94 
6.28 
6.43 
6.71 
5.66 
5 -84 
7.68 
7.78 
6 .ll 
6.09 
10.81 
11.97 
11.34 
11.38 
Rb87/Sr86 
0 .45  
0.52 
64.1 
6 6 . 3  
80.9 
57.6 
67.7 
32 .O 
30.3 
~ 
0.1196 0.7069 
0.1201 0.7089 
0.1199 1.0615 
0.1200 1.0706 
0.1198 1.1720 
0.1201 1.0438 
0.1208 1 . l o 7 4  
0 .1195 0 -8953 
0.1210 0.8829 
The r e s u l t s  of t h e  a n a l y s e s  of  t h e  E a s t p o r t  and Hedgehog Formation 
v o l c a n i c s  w e r e  p l o t t e d  on one d iagram,  F igu re  4. Although t h i s  f i g u r e  i s  n o t ,  
s t r i c t l y  s p e a k i n g ,  a n  i s o c h r o n ,  it does  show the agreement  of the r e s u l t s  
- / -  
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for t-ke two areas as t h e  two i sochrons  are superimposed.  The combined 
r e S L l t 5  from t h e  two areas y i e l d e d  an age of  413 f 5 M.Y. f o r  t h e  S i l u r i a n -  
Devonian boundary.  The age of 413 M.Y. and  t h e  e r r o r  of f 5 M.Y. were 
o b t a i n e d  by d e t e r m i n i n g  t h e  mean and t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  mean of 
t h e  a g e s  of t h e  15  samples  t h a t  w e r e  used t o  c a l c u l a t e  t h e  i n d i v i d u a l  
f o r m a t i o n  ages .  The s t a n d a r d  d e v i a t i o n  o f  t h e  mean w a s  f 2.5 M . Y . ,  and t h e  
e r r o r  o f  f 5 M.Y. r e p r e s e n t s  two s t anda rd  d e v i a t i o n s  of t h e  mean. T h i s  
p r e c i s i o n  i s  fa r  b e t t e r  t han  t h e  knowledge of t h e  v a l u e  f o r  t h e  Rb87 decay  
c o n s t a n t .  None the le s s ,  it i s  of va lue  t o  o b t a i n  Rb-Sr a g e s  which are as 
p r e c i s e  as p o s s i b l e  i n  o r d e r  t o  b e  ab le  t o  compare ages de termined  by t h i s  
method. I n  a d d i t i o n ,  r e f inemen t  o f  t he  Rb decay  c o n s t a n t  w i l l  a l l o w  more 
p r e c i s e  comparisons o f  t h e s e  ages t o  ages  de t e rmined  w i t h  o t h e r  decay  
scheme s . 
87 
S e v e r a l  c o n c l u s i o n s  may be  drawn from t h i s  s t u d y .  F i r s t ,  t h e  age 
de termined  f o r  t h e  S i lu r i an -Devon ian  boundary i s  c o n s i s t e n t  w i t h  a g e s  on 
b i o t i t e s  from g r a n i t e s  which i n t r u d e  t h e  E a s t p o r t  Format ion;  F a u l ,  e t .  a l . ,  
1963 ,  de te rmined  s e v e r a l  K-Ar  b i o t i t e  a g e s  which averaged  405 M.Y. ,  and a 
Rb-Sr b i o t i t e  age of 414 M.Y. (1 87  = 1.39  x y e a r  ).  Second,  t h i s  
age  i s  i n  good agreement  w i t h  t h e  Kulp  (1961)  and t h e  Holmes (1960)  t i m e  
scale estimates c o n s i d e r i n g  t h e  u n c e r t a i n t y  of t h e  Rb decay  c o n s t a n t ;  it 
should  be p o i n t e d  o u t  t h a t  t h i s  conc lus ion  i s  somewhat r edundan t  as t h e  
Kulp and t h e  Holmes t i m e  scale e s t i m a t e s  f o r  t h e  age of t h e  S i l u r i a n -  
Devonian boundary are based t o  a l a r g e  e x t e n t  on t h e  above d a t a  o b t a i n e d  
by Fa-21. T h i r d ,  due t o  t h e  r e l a t i v e l y  l a r g e  number o f  samples  a n a l y z e d ,  t h e  
good i s o c h r o n s  which w e r e  o b t a i n e d ,  and t h e  c l o s e  p a l e o n t o l o g i c a l  c o n t r o l  o f  
t h e  rockg i n v o l v e d ,  it i s  b e l i e v e d  t h a t  t h i s  work r e p r e s e n t s  as p r e c i s e  a 
- -  ,, 
-1 
Rb 
87 
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me=sorement of  t h e  r a d i o m e t r i c  age f o r  t h e  S i lur ian-Devonian  boundary as 
has  y e t  been de termined .  
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APPENDIX: SAMPLE LOCALITIES 
u____p 
The samples  of t h e  E a s t p o r t  Formation were c o l l e c t e d  a l o n g  Maine 
highway 190 and u .  S. highway 1 ,  between P e r r y  and E a s t p o r t ,  Maine ,  by 
M .  L .  B o t t i n o  d u r i n g  t h e  summer of 1962. Except  where o t h e r w i s e  n o t e d ,  
d i s t a n c e s  are measured a l o n g  t h e  highways. 
Sample 
ODC-1 
ODC-2A 
ODC- 2B 
ODC-2C 
ODC- 3A 
QDC- 3B 
ODC-5 
ODC-6A 
ODC- 7A 
L o c a l i t y  
Ou tc rop  on Carlow I s l a n d ,  on southwes t  
s i d e  of Maine highway 1 9 0 ,  2.8 miles 
s o u t h e a s t  of t h e  i n t e r s e c t i o n  of U.  S .  
highway 1 and Maine highway 1 9 0 ,  which 
i s  n e a r  P e r r y ,  Maine. 
Ou tc rops  n e a r  P l e a s a n t  P o i n t ,  a l o n g  
Maine highway 190, 1.8 miles s o u t h e a s t  
of t h e  i n t e r s e c t i o n  of U .  S .  highway 1 
and Maine highway 190. 
Ou tc rops  on w e s t  s i d e  of U.  S .  highway 
1 ,  n e a r  i n t e r s e c t i o n  of U.S. 1 and 
Maine highway 190.  
Ou tc rops  on h i l l  n e a r  Johnson Cove and 
C a r r y i n g p l a c e  Cove, 0 . 2  m i l e s  n o r t h  
of Maine highway 190, 4.0 m i l e s  s o u t h e a s t  
of t h e  i n t e r s e c t i o n  of U. S. highway 1 
and Maine highway 190 .  
Ou tc rop  on t h e  southwes t  s i d e  of Maine 
highway 190, 1 . 2  m i l e s  s o u t h e a s t  of 
t h e  i n t e r s e c t i o n  of  Maine highway 190 
and U. S . highway 1. 
The samples  of t h e  Hedgehog Formation v o l c a n i c s  were c o l l e c t e d  on t h e  
n o r t h  h a l f  of Green Mounta in ,  approximate ly  5 miles s o u t h  of  P resque  I s l e ,  
Maine,  by M. L.  B o t t i n o  and P. D. F u l l a g a r  d u r i n g  t h e  summer of 1964. 
Sample Loca l  i t y  
QDC- 9 
ODC-10  
Ou tc rops  a t  t h e  base  of  t h e  s i t e  of 
beacon 2 ,  approx ima te ly  0.8 mi les  w e s t  
of S p r a g n e v i l l e ,  Maine,  which i s  a t  t h e  
n o r t h  end o f  Echo Lake. 
- 11 - 
ODC-12 
ODC- 1 4 A  
ODC-14B 
onc-15 
ODC-16 
ODC-17A 
ODC-17B 
Outcrop on t o p  of Green Mounta in ,  100 
f e e t  n o r t h  of r a d i o  beacon 3 ,  which i s  
l e s s  t h a n  0.1 m i l e s  east  of t h e  Aroostook 
S t a t e  Pa rk  boundary ,  and approx ima te ly  
0.6 miles s o u t h  of Echo Lake. 
Outcrops on t o p  of Green Mounta in ,  
25 f ee t  e a s t  o f  beacon 3 .  
Outcrop on t o p  of Green Mountain,  
50 f e e t  w e s t  o f  beacon 3 .  
Outcrop on t o p  of Green Mountain,  
100 f e e t  southwes t  of beacon 3 .  
Outcrops  down t r a i l  on n o r t h e a s t  s i d e  
of Green Mountain,  approx ima te ly  0.1 
miles n o r t h  of beacon 3 .  
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